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ABSTRACT

The results and analyses of the third U.S.
manned orbital mission are presented. The mission
was accomplished October 3, 1962, as a phase of.
Project Mercury. Spacecraft and launch-vehicle
descriptions, mission operations, and postflight
analyses are included., Particular treatment is
given to the investigations of spacecraft systems
performance and aeromedical analyses of the pilot.
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FOREWORD

The first U.S. manned six-pass orbital mission was an extension of the two pre-
vious manned three-pass orbital missions and added significantly to the knowledge
gained in those two limited-duration missions. An overall analysis of the mission
performance is presented, and only the minimum necessary supporting data are
included.

General acknowledgment is made of the extensive effort on the part of the entire
Mercury team. The team consisted of many organizations external to the NASA Manned
Spacecraft Center and included the Department of Defense, the spacecraft prime
contractor and subcontractors, the NASA Goddard Space Flight Center for the Mercury
Worldwide Network, the launch-vehicle prime contractor and subcontractors, and the
many organizations and Government agencies which directly or indirectly made the
success of the mission possible.

This report represents the contributions of an assigned flight evaluation team
which was comprised of systems specialists and operations personnel from throughout
the NASA Manned Spacecraft Center, without whose analytical and documentary efforts
a report of this technical completeness would not be possible.

The Mercury-Atlas 8 (MA-8) report is being published at this time to complete
the Mercury technical documentation series and provide a source of historical data in
much greater technical detail than that previously available. Further, to preserve a
public record of the state of knowledge at the time of the mission, discussions and
engineering conclusions remain essentially as they were written at the end of the MA-8
postflight data evaluation, despite any results from subsequent flight programs.
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FIRST U.S. MANNED SIX-PASS ORBITAL MISSION

(MERCURY-ATLAS 8, SPACECRAFT 16)

DESCRIPTION AND PERFORMANCE ANALYSIS

Edited by John H. Boynton
Manned Spacecraft Center

SUMMARY

The Mercury-Atlas 8 mission was the third U.S. manned orbital mission; all
mission objectives were accomplished. A description of the mission, the test objec-
tives, and a comprehensive postflight evaluation are presented.

During the Mercury-Atlas 8 countdown, a single unscheduled hold of approxi-
mately 15 minutes was made for required repairs to a Canary Islands radar facility.
Weather conditions at the launch site were satisfactory in the primary landing areas.
Lift-off occurred at approximately 7:15 a. m. eastern standard time, October 3, 1962,
2 hours 35 minutes after the pilot, Walter M. Schirra, Jr., entered the spacecraft.

Launch-vehicle performance was satisfactory, and trajectory data indicated a
mission~-continue (go) condition at orbital insertion. An acceptable orbit was attained,
with deviations from nominal values of space-fixed flight-path angle and velocity of
-0.0079° and 15 ft/sec, respectively. The perigee and apogee of the orbit differed
from the planned values of 86.97 and 144. 2 nautical miles by 0. 03 nautical mile and
8. 6 nautical miles, respectively.

Spacecraft separation and manual turnaround were accomplished satisfactorily.
The performances of the spacecraft systems and the pilot were excellent throughout
the mission, as were the support activities from all ground elements, including flight
control, Mercury Worldwide Network, and recovery. Minor problems encountered
during the mission included an elevated suit-circuit temperature condition during the
first 1. 5 orbital passes and a reduction in the quality of air-to-ground voice transmis-
sions.

The pilot performed the manual turnaround, checked out the spacecraft control
system periodically, performed extended periods of drifting flight, took photographs of
terrestrial features, and performed visual spacecraft yaw-alinement experiments.
Pilot adherence to the flight plan was excellent, and his performance added confidence
to the feasibility of future long-duration manned missions.



Retrofire was accomplished on time by the spacecraft clock and with the control
system in the automatic mode. Spacecraft attitudes were excellent prior to and during
retrofire. Computed data based on retrofire conditions indicated a normal spacecraft
landing, and the prediction was transmitted to the recovery forces. All spacecraft
events occurred on time during reentry, and the pilot actuated the drogue parachute
near the 40 000-foot-altitude level as planned.

Recovery forces tracked the spacecraft by radar and visually sighted it during
descent. The spacecraft landed approximately 4 nautical miles from the recovery air-
craft carrier U.S.S. Kearsarge at 4:28 p, m., eastern standard time.

Helicopters from the aircraft carrier deployed swimmers who immediately in-
stalled the spacecraft auxiliary flotation collar as a precautionary measure. The car-
rier picked up the spacecraft with the pilot still inside 40 minutes after landing. Five
minutes later, the pilot released the spacecraft hatch aboard the carrier and egressed
in excellent condition.



INTRODUCTION

The third manned orbital mission of Project Mercury was successfully accom-

plished October 3, 1962, from the Missile Test Annex at Cape Canaveral, 1 Florida.
This was the fifth orbital mission of a Mercury specification spacecraft and the eighth
of a series of Mercury missions utilizing the Atlas launch vehicle. The mission was,
therefore, designated as the Mercury -Atlas 8 (MA-8) mission. Walter M. Schirra, Jr.
(figs. 1 and 2), was pilot of the spacecraft for the MA-8 mission. The data and infor-
mation presented add to the data previously published (refs. 1, 2, and 3) on the first
and second U. S. manned orbital missions.

The MA-8 mission was planned for six orbital passes, the ground tracks of which
are shown in figure 3. The mission was a continuation of a program to acquire opera-
tional experience and information for extended manned orbital space flight. The ob-
jectives of the mission were to evaluate the performance of the man-spacecraft system
in a six-pass orbital mission; to evaluate the effects of an extended orbital space flight
on the pilot and to compare this analysis with those of previous missions and pilot-
simulator programs; to obtain additional pilot evaluation of the operational suitability
of the spacecraft and supporting systems for a manned orbital mission; to evaluate the
performance of spacecraft systems replaced or modified as a result of the previous
three-pass orbital missions; and to evaluate the performance of and further exercise
the Mercury Worldwide Network and mission support forces and to establish their suit-
ability for an extended manned orbital mission. All objectives were successfully ac-
complished.

Analyses of the significant data have been made, and the important findings are
presented in this report. Brief descriptions of the mission, the spacecraft, and the
launch vehicle precede the performance analysis and supporting data. All significant
events of the MA -8 mission are documented, beginning with delivery of the spacecraft
to the launch site and continuing through recovery and postflight examinations.

The first public release of the MA-8 mission results was made (ref. 4) as a con-
tinuation of a NASA policy to provide the technical community -at-large with preliminary
information at an early date. The detailed scientific and engineering analyses in this
report therefore supersede and add to the information presented in cursory form in
reference 4.

Lift-off time for the MA-8 mission was 07:15:11. 84 a. m. eastern standard time
(e.s.t.), and all times in this document are given in ground elapsed time (g.e.t.) from
07:45:16.00 a. m. e.s.t. (range-zero time) unless otherwise noted.

Although the graphical information in this part of the MA-8 report supports the

text, a complete presentation of all MA-8 time-history data has been compiled for
technical reference purposes.

1Since renamed Kennedy Space Center.



Figure 1. - Pilot Schirra prior to insertion into spacecraft.

Figure 2. - Pilot Schirra on the deck of the recovery aircraft
carrier after the MA-8 mission.
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SPACE-VEHICLE DESCRIPTION

The MA-8 space vehicle, consisting of a Mercury specification spacecraft and an
Atlas D launch vehicle, is shown at lift-off in figure 4. The spacecraft and the launch
vehicle used in the MA-8 orbital mission were very similar to those used in the MA-6
and MA-17 orbital missions. The MA-6 space vehicle is described in reference 1 and
compared with the MA-7 space vehicle in reference 2. The more significantdifferences
between the MA-8 and MA-T vehicles are presented in the following paragraphs.

SPACECRAFT DESCRIPTION

Spacecraft 16 (fig. 5) was employed for the MA-8 orbital mission and was basi-
cally the same as spacecraft 18 utilized for the MA-7 mission (ref. 2). The reference
axis system for the spacecraft is depicted in figure 6. However, a number of changes
were made in the configuration to increase reliability, to save weight, to aid in fuel
conservation, and to provide additional tape-recording capability. To provide a con-
venient reference, all of the changes are listed according to the major spacecraft sub-
system.

Electrical and Sequential

1. The Zener diode package was removed.

2. The flashing recovery light was powered by a standby bus rather than by a
separate battery.

3. A standby inverter position was added to the ac voltmeter selection knob.
4, The hold-power circuits were eliminated.
5. Postlanding cutoff circuits were made, independently of the squib bus power.

6. The auxiliary battery of the maximum-altitude sensor was removed, and the
sensor was powered from the main 24~volt dc squib bus only.

7. The power source for automatic abort circuits (May-day relays) was changed
from the isolated squib bus to the main squib bus.

8. Provision was made to assure that the launch-abort sequence was not dis-
armed before spacecraft separation from the launch vehicle.

9. An arm-disarm switch and bypass relay were added to the pyrotechnic part of
the retrofire circuit.

10. The retroattitude telelight indication was changed to function during the retro-
sequence period.



11. The 21 000-foot barostats for drogue-parachute deployment were wired in
series and powered from the main bus.

12. The 10 000-foot barostats for main-parachute deployment were wired in
series and powered from the main bus, with an alternate source of power from the

isolated bus.

13. The attitude-control, fuel-jettison, and main-parachute-disconnect fuses
were changed to switch fuses.

14. The 6-, 12-, and 18-volt external-power diodes were removed from the

spacecraft and incorporated into ground-support-equipment circuitry. The 6-, 12-,
and 18-volt supplies for the spacecraft were monitored in the launch blockhouse.

15. Two of the four cabin floodlights were removed.

16. Provisions were made for more comprehensive testing of inverters during
hangar checkout.

17. One series diode was added to each catastrophic-failure circuit from the
launch-vehicle abort sensing control unit (ASCU).

18. The landing-system control barostat, located in the cabin for the MA-7 mis-
sion, was removed.

19. An arm-disarm switch and a 10 000-foot bypass were added to the pyrotechnic
segment of the recovery system.

20. Panel switches for suit fans, control-system-mode select, and cabin lights
were replaced with more reliable types.

21. The retrofire warning-light time-delay relay was changed from 20 to 15 sec-
onds.

22. The sustainer-engine cutoff (SECO) signal was locked out of the spacecraft
until tower separation. Previously, the spacecraft could accept a premature SECO
signal immediately after separation from the launch vehicle.

23. The automatic retrojettison switch was changed to allow interruption of the
squib circuits to the jettison bolt, retroumbilicals, and the new high-frequency (hf)
antenna coaxial cutters.

24. The emergency reserve-parachute-deployment fuse switch, emergency
landing-bag fuse switch, and periscope fuse switch were replaced with fuses.

25. Squib circuits were added to effect deployment of the hf orbital dipole antenna
at 60 seconds after spacecraft separation from the launch vehicle.



Environmental Control System

1. A retainer pin was added to the bellcrank spring for the emergency-oxygen
rate valve.

2. A maximum leakage rate of 600 cc/min for the spacecraft cabin was specified.

3. An additional 15 pounds of coolant water were added to the existing tank.

4. Instrumentation was revised to aid in monitoring cabin and suit heat-exchanger
performance by replacing the heat-exchanger steam-vent-temperature measurements
with heat-exchanger dome-temperature measurements.

5. Insulation was added to the suit environmental circuit.

6. The cabin-pressure relief valve was replaced with a type that did not include
a mechanical lock in the closed position.

7. The four Freon check valves were replaced by a newer type.
8. Squibs were removed from the cabin inlet and outlet valves.
9. The suit-inlet hose was shortened from 38 to 18 inches.

10. The oxygen-supply transducer was changed from a 7500- to a 10 000-psia
range.

11. The coolant-water pressure bottle was removed, and pressure was supplied by
the suit or cabin.

12. A panel indicator was added to permit monitoring of cabin-oxygen partial
pressure.
Automatic Stabilization and Control System

1. The operating band for the orbit mode of the automatic attitude control system
was changed from 3.0° to 5.5 ° and the second pulse shortened to 0. 075 second.

2. The cover for the pitch horizon scanner was modified to provide better ther-
mal protection during the launch phase.

3. An attitude-select switch was added to permit normal automatic-control-
system operation at 0°, 0°, 0° attitude.

4. Rate gyros were normally unpowered during automatic orbit-mode operation
until 10 minutes prior to retrofire, but a switch was added to power rate gyros during
orbit-mode operation at the discretion of the pilot.



Reaction Control System

1. A high-thruster arm-disarm switch was added to the fly-by-wire (FBW) mode
with automatic enable at retrofire.

2. A thruster-solenoid current monitor was added to aid malfunction detection.
3. Improved nitrogen and hydrogen peroxide relief valves were incorporated.
4, The fuel-warning switch was replaced with an improved type.

5. A modification was made to prevent premature hydrogen peroxide jettison as
a result of a single-point failure.

6. All thruster heat sinks were removed.

Instrumentation System
1. The pilot-observer camera slow-frame-speed mode was deleted.
2. The vernier clock and the mixing of events on the clock channel were deleted.
3. The oxygen-flow sensors were removed.
4. The Z-calibration for horizon-scanner output was deleted.
5. The R- and Z-~-calibrations for the respiration sensor were deleted.

6. The lip transducer was changed to a chest impedance pneumograph for respi-
ration sensing.

7. Time-since-retrofire instrumentation was added, and the integrating acceler-
ometer and 4~ and 8 -minute timers were deleted.

8. Magnetic recording tape was changed to a thin-base type to provide an 11-hour
total recording capability.

9. A temperature-survey indicator and a 12~position rotary switch were added
to monitor seven hydrogen peroxide B~nut temperatures, the cabin heat-exchanger air
outlet temperature, three inverter temperatures, and the right retrorocket tempera-~

ture.
10. A boresight yaw-navigation device was added.

11, Two Goddard radiation packs were substituted for two of the four standard
Schaeffer radiation packs.

12. An automatic 5-second hold provision was added to the blood-pressure meas-
uring system (BPMS) start-button circuitry.
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13. A switch was added to the cutoff correlation-clock edge lighting,

14. The BPMS assembly was located on the spacecraft structure rather than on
the leg restraint.

15. The BPMS cuff hose incorporated a right-angle adapter.
16. The cabin-pressure audio-tone warning and tone switch were removed (cabin-
pressure switch and warning light remaining).
Communications System

1. One command receiver-decoder was removed, and the remaining receiver-
decoder was powered from the standby bus.

2. The hf orbital voice transmitter-receiver was rewired to operate after
landing.

3. The hf rescue voice transmitter-receiver was removed.
4. An hf dipole antenna was installed on the retropackage.

5. An antenna switch was added to permit selection of either dipole, bicone, or
whip antenna for hf voice.

6. Improved microphones were installed in the pilot's helmet.

7. An extension cord was added to allow operation of the spacecraft communica-
tions system from outside the spacecraft after landing.

8. Shielding was added to the audio center to eliminate interference from the
auxiliary rescue, search and rescue and homing (SARAH), beacon,

9. A hand-held voice transceiver was added to the survival kit.

Mechanical and Pyrotechnic Systems
1, The retrorocket heater blankets were removed.

2. The sound fixing and ranging (SOFAR) bomb (2500 feet) was added to the main-
parachute riser.

3. Dye markers were added to the antenna canister to aid in postflight recovery
of the canister.
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Heat Protection System

1. The heat-shield center plug was bolted to the heat-shield structural laminate
to retard warping upon landing.

2. Experimental ablation samples were bonded and thermocouples added to the
beryllium shingles.

3. A triangular, three-color paint patch was added to the spacecraft exterior for
postflight thermal evaluation of the paint samples.

4. A rectangular white-painted patch was added to the spacecraft to evaluate the
effect on spacecraft shingle temperatures.

Personal Equipment
1. The Polaroid window filter was removed.
2. Leg restraints were deleted; and knee, heel, and toe supports were added.

The weight and balance data for spacecraft 16, according to actual flight usages,
are summarized in table I.

LAUNCH-VEHICLE DESCRIPTION

The MA-8 launch vehicle, an Atlas 113 series D (113-D) missile, was modified
(as on previous Mercury-Atlas missions) for the mission.

The Atlas 113-D launch vehicle underwent no major modifications for the
MA~8 mission. A summary of minor configuration changes from the MA-7 launch
vehicle, the Atlas 107-D (ref. 2), follows.

1. The fuel-tank insulation bulkhead was removed at the factory.

2. Baffled injectors were installed in the two booster-engine thrust chambers for
improved combustion characteristics (fig. 7).

3. At ignition, the booster engines were started by hypergolic instead of pyro-
technic igniters (fig. 8).

4. No hold-down delay was programed between main-engine completion and
start of the release sequence because of the expected improvement in combustion char-
acteristics resulting from the use of baffled injectors.

5. The programer staging backup time was changed from T + 136 to
T + 132. 3 seconds.

6. Closed-loop guidance steering was planned to start at 24 instead of 25 sec-
onds after booster-engine cutoff (BECO).
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7. Sustainer pitch-program time duration was planned for 16.5 instead of
20 seconds.

8. The range-~-safety command receivers had circuit changes to eliminate the
possibility of initiating an inadvertent destruct signal should power to the receivers be
momentarily interrupted during external-internal power switching.

9. The rough combustion cutoff (RCC) capability was removed, but the RCC
monitoring instrumentation was retained.

10. A redundant head-suppression solenoid control circuit was incorporated in the
engine-relay box to improve reliability.

11. The hydraulic instrumentation and sensing lines for the abort sensing and
implementation system (ASIS) in the thrust section were rerouted, and the insultation
was improved to prevent possible freezing in the cryogenic environment.

12. The telemetry pabkage was modified to include instrumentation for improved
temperature measurement in the boattail area.
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TABLE 1. - SPACECRAFT 16 WEIGHT AND BALANCE DATA

Parameter

Center-of-gravity

Moment of inertia,

14

Mission phase Weiight, station, in. slug-ft2
X Y Z IZ IX IY
Launch 4324.55 167.97 | -0.13 {-0.11 | 353.2 | 7865.9 | 7872.9
Orbit 3028. 89 121.03 | -.20| -.07 | 286.8 650.7 | 659.0
Normal reentry | 2732.50 124,45 -.23 .02 | 275.3 571.6 [ 578.8
Main-parachute 2602, 32 122,24 -.18 .14 | 271.1 459.0 | 466,3
deployment
Flotation 2441. 43 119.63 | -.52 .05 | 264.0 386.2 | 390.5




Figure 4.~ MA-8 lift-off configuration.

15




T

Figure 5. - MA-8 spacecraft and adapter prior to lift-off.
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Figure 6. - MA-8 spacecraft axis diagram.
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Figure 7. - Booster-engine baffled injector.
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Figure 8.- Booster-engine hypergolic igniter.
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MISSION OPERATIONS

The various ground operations required to support a Mercury orbital mission
were grouped according to appropriate mission phases, that is, prelaunch, launch, or-
bital flight, and recovery. The prelaunch operations included preparations necessary
to bring the pilot, spacecraft, launch-vehicle, and ground-support personnel up to
flight-ready status. The launch operations commenced with the countdown, when all
flight systems and flight-control stations were checked for readiness, and concluded
with insertion of the spacecraft into its orbital trajectory. The orbital phase of the
mission entailed the flight-monitoring and data-acquisition operations of personnel sta-
tioned along the Mercury Worldwide Network. The recovery operations began when a
landing point was predicted by appropriate network stations and involved the combined
efforts of thousands of Department of Defense personnel stationed at the various pre-
scribed landing locations along the orbital ground track.

PRELAUNCH OPERATIONS

The prelaunch operations consisted of training the pilot for a specific flight, con-
ducting preparations at the launch site for the spacecraft and the launch vehicle, and
conducting flight-safety reviews. Although each pilot had received training after his
introduction into Project Mercury, special training was required for the mission in-
volved. The training involved participation in a series of mission simulations to pre-
sent realistic operational situations which required assessment and action. The
simulations were often conducted in conjunction with the detailed checkout operations
for the spacecraft, launch vehicle, and the Mercury Worldwide Network.

Program-management personnel attended scheduled review meetings to evaluate
the status of prelaunch preparations for the spacecraft and launch vehicle and to initiate
necessary remedial action in order to maximize pilot safety throughout the mission.
The following paragraphs outline the operations required for prelaunch.

Pilot Training

The pilot-training program for Project Mercury was divided into six basic cat-
egories which were essentially dependent on the training devices used. The categories
were academics, static training, environmental familiarization, dynamic training,
egress and survival training, and specific mission training. The first five categories
were discussed briefly in the report on the MA-6 mission (ref. 1). A discussion about
specific training for the MA-8 mission follows,

Preflight operations schedule. - During the preflight preparation period, the
MA-8 pilot was involved in a diversity of activities which often required considerable
travel and resulted in a crowded schedule. The pilot spent a large portion of his time
in briefings and meetings concerning every aspect of the mission, but managed to com-
plete such training requirements as recovery training, survival-pack exercises, ac-
celeration refamiliarization on the centrifuge, and review of the celestial sphere at the
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Morehead Planetarium, Table II summarizes all preflight activities of major impor-
tance in which the MA-8 pilot participated.

Spacecraft checkout activities, - Participation in the spacecraft preflight activities
enabled the pilot to become familiar with the MA-8 spacecraft and launch-vehicle sys-
tems. In particular, the involvement of the pilot in the activities permitted the pilot to
manipulate and evaluate his flight equipment, along with the various systems and
switching -procedure modifications peculiar to the MA-8 spacecraft. The checkout
activities, along with other events, are listed in table II. The pilot spent 31 hours
27 minutes in the spacecraft and many additional hours before and after each checkout
operation in preparation, observation, troubleshooting, and discussion. In addition,
the pilot spent approximately 45 hours in the MA-7 spacecraft, which added to his gen-
eral knowledge of the Mercury spacecraft and launch-vehicle systems.

Training activities. - An important area of pilot-preparation training was to main-
tain proficiency in high-performance fighter aircraft, since the pilot must make rapid
and accurate decisions under true operational conditions. Aerial flights complemented
static trainers by emphasizing the need and consequences of decisions, which kept the
pilot alert and aware of the operational mission requirements. The pilot logged ap-
proximately 30 hours during the period from August 11, 1962, to 4 days prior to the
mission.

The pilot received three series of formal systems briefings which were oriented
to the operational requirements of the mission. In addition, the pilot spent many more
hours with various systems and operations specialists to establish mission operational
procedures, The pilot spent more than 100 hours in reviewing spacecraft systems
during the last 2 months of his preflight preparation period.

Table III summarizes the training activities in the Cape Canaveral procedures
trainer from August 20 to October 1, 1962. The table does not include the 28 hours
spent in the Cape Canaveral procedures trainer during the MA-7 preflight period, or
the 8 hours spent in the Langley Research Center procedures trainer during June 1962
to practice manual control of the reentry-rate oscillations and to evaluate flight-plan
control tasks, During the MA-8 training period at Cape Canaveral, the pilot spent
29 hours 15 minutes in the trainer accomplishing 37 fast-time simulated missions,

40 simulated turnaround maneuvers, and 68 simulated retrofires and experiencing
68 simulated failures of spacecraft systems. The pilot consumed almost as much
time in the briefing and debriefing periods associated with each formal training session

as was spent during training.

The main emphasis during the simulations was on the basic operational aspects
of the mission because of their relative importance and because the procedures trainer
was best equipped to accomplish these requirements. The pilot, therefore, spent the
majority of his time during the sessions on the detection and correction of systems
failures, on mission anomalies which usually require an abort during the launch phase
of the mission, and on overall systems monitoring and management, Also, the pilot
devoted a few sessions to attitude control, control-mode switching, maneuvering flight,
and other inflight activities specified in the flight plan. The pilot also participated in
several launch-abort and network simulations during which the mission rules were
rehearsed and discussed,
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Training analysis. - The pilot achieved a high level of skill in the procedures
trainer in performing such maneuvers as the turnaround and retrofire maneuvers. Use
of the transparent gyro simulator and an understanding of the spacecraft control sys-
tems and their operation prepared him for inflight activities such as control-mode
switching, flight maneuvering using external reference, and the gyro-realinement pro-
cedures that cannot be meaningfully simulated in the procedures trainer.

Pilot preflight preparation included familiarization with emergency procedures,
responses to mission anomalies, and egress and recovery procedures. Since the mis-
sion proceeded normally, evaluation of the effectiveness of these training activities
under actual emergency conditions was not possible., However, the pilot reported
during postflight briefings that he believed his preparation in these areas was adequate.
A training activity which could not be accomplished during the final preparation period
was manual control and damping of simulated reentry-rate oscillations. The pilot had
practiced the maneuver on the Langley procedures trainer during June, prior to re-
location of the trainer at Houston, Texas. However, the pilot would be required to
damp the reentry-rate oscillation manually only if both the auxiliary damping and rate-
command systems failed. The pilot reported during debriefing that practice in damping
reentry -rate oscillations just before the mission would have been desirable, but the
procedures trainer at Cape Canaveral had not been mechanized in time for reentry sim-
ulations.

The pilot exerted maximum effort in learning the various spacecraft systems and
flight hardware. Particular concentration was placed on resolving the best procedures
for smoothly accomplishing maneuvering flight and control-mode switching with mini-
mum fuel usage. The approach of the pilot in preparing for the mission was to prac-
tice the activities in the trainers and in the spacecraft only after he thoroughly knew
each system and its operation. The practice permitted the pilot to make rapid progress
in preparing for the mission with a minimum of time spent in the procedures trainer
and in the spacecraft,

As a result of experience gained from previous Mercury missions, the pilot was
able to prepare for the mission in a more efficient manner. Consequently, the flight
plan was more flexible and was finalized at an earlier date, operational requirements
were emphasized, and the number of last-minute flight requirements was reduced.
Thus, the pilot had additional time to become more familiar with the spacecraft and
launch-vehicle systems.

Spacecraft Prelaunch Preparation

Prelaunch preparations for spacecraft 16 were basically the same as the prepa-
rations for spacecraft 13 and 18 used in the MA-6 and MA-7 missions, respectively.
These preparations are described in the MA-6 mission report (ref. 1). Major changes
and modifications made on spacecraft 16 prior to launch are presented chronologically
in the following spacecraft history.
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Spacecraft History

Spacecraft 16 arrived at hangar S, Cape Canaveral, January 16, 1962, Prepara-
tion activities for the spacecraft and the onboard systems consisted of final installa-
tions, systems checkouts, and configuration changes. Actual work days in the hangar
totaled 185 days which included 43 days spent an tests, but which did not include
4.5 days that the spacecraft was returned to the hangar during launch-pad operations.
There were 6931 mission preparation sheets, which authorized required work, and
481 discrepancy reports, which described items that required rework, as of Septem-

ber 28, 1962,

The spacecraft was transported to the launch site September 10, 1962, but was
returned to the hangar September 21 for replacement of the reaction control system
(RCS) manual-system selector valve as a result of high pull forces and subsequent
leakage encountered during prelaunch tests. RCS tests, normally performed 4 days
prior to launch at the launch complex, were performed in the hangar S RCS cell fol-
lowing the valve change. The spacecraft was returned to the launch complex and re-
mated to the launch vehicle September 26, 1962,

The prelaunch tests performed, major changes, and preflight events in the his-
tory of spacecraft 16 at Cape Canaveral are shown chronologically in table IV.

Launch-Vehicle Preparation

Prelaunch preparations for the Atlas 113-D launch vehicle were basically the
same as those for the Atlas 107-D and 109-D launch vehicles, which were used in the
MA-T7 and MA-6 missions, respectively. The preparations are described in the MA-6

mission report (ref. 1).

Flight-Safety Reviews

Flight-safety and mission review meetings were held to determine the flight-
worthiness of the spacecraft and launch vehicle and to ascertain the readiness of all
supporting elements for the MA-8 mission.

Spacecraft. - Two spacecraft 16 review meetings were conducted, The first
meeting was held September 20, 1962, to discuss spacecraft history while at the At-
lantic Missile Range (AMR) and the corresponding status of the spacecraft systems.

A faulty manual-system selector valve in the RCS was discovered September 21, 1962.
In order to replace the valve, the spacecraft was demated and returned to hangar S.
The subsequent mating with the launch vehicle was conducted September 26, 1962, The
second review meeting was held September 28, 1962. All systems were approved as
ready for flight, pending the successful completion of the final simulated flight test,
which was satisfactorily completed the following day.

Launch vehicle. - Two meetings were held to determine the status of the Atlas
113-D launch vehicle. The first meeting was conducted September 27, 1962, to brief
NASA Manned Spacecraft Center (MSC) management regarding the decision to off-load
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liquid oxygen and fuel in an amount equivalent to that previously consumed during the
2 -second hold-down at launch. If the launch vehicle was not off-loaded, an indefinite
combination of regulator action and ullage volume could cause an undesirable longitu-
dinal oscillation near lift-off, which might compromise the structural integrity of the
intermediate bulkhead. The amount of off-loaded propellant only reduced the extra
fuel margin at SECO and did not affect the orbital-insertion probability.

The second meeting, which was termed the Booster Review, was held Septem-
ber 28, 1962, and launch-vehicle systems were approved ready for flight, pending
successful completion of the simulated flight previously noted.

Mission. - The MA-8 mission review meeting was held September 30, 1962, All
elements of the flight were adjudged to be ready. The X - 1-day Flight-Safety Review
Board met October 2, 1962. The board was advised that the Status Review Board had
met at 8:30 a. m. that morning and had determined the launch vehicle to be ready for
flight. The Flight-Safety Review Board then approved both the spacecraft and launch
vehicle for flight.

LAUNCH OPERATIONS

The launch operations discussed in the following paragraphs include the launch
procedure, weather conditions, and photographic coverage. The section on '"Launch
Procedure' presents the major events which occurred during the countdown. The
weather section includes a summary of the weather conditions reported at lift-off, at
the launch site, and in the Atlantic and Pacific recovery areas. The photographic sec-
tion presents a summary of the launch-site photographic coverage for the mission and
contains a discussion of the quality and usefulness of the data obtained.

Launch Procedure

The spacecraft launch operations were planned for a 560-minute split countdown
with a scheduled 17. 5-hour hold at T - 390 minutes for spacecraft RCS fuel and pyro-
technic servicing. To provide additional assurance that the projected launch time of
7:00 a. m. e.s.t., October 3, 1962, could be met, a 90-minute built-in hold was
scheduled at T - 140 minutes.

The second half of the split countdown was started at 11:00 p. m, e.s.t., Octo-
ber 2, 1962. Launch occurred at 07:15:11 a. m. e, s.t., October 3, 1962, after one
hold of 15-minute duration at T - 45 minutes. The sequence of major events which
occurred in the minutes of countdown are as follows:

Start of second half of countdown . . . .. .. ... e e e e ... T -390
Pilot insertion into the spacecraft . .. . .. ... ... .. . T -140
Spacecraft hatch closure started . . .. ... ... .. .. ... T -108
Spacecraft hatch secured, shingle installation started . .. .. T - 96
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Spacecraft shingle installation complete . .. ... ... T - 88

Service tower (gantry) removal started . . . . ... ... T - 64
Hold to repair Canary Islands radar . ... ... .. .. T - 45
Liquid oxygen pumping started . . . . .+ . ¢ ¢ v o o o T - 38
Liquid oxygen overfill probe reached . . . ... .. ... T - 20
Liquid oxygen topping at 2500 pounds below overfill ... T - 14
Launch . . o ¢ v v i v v e e s e e e e e e e e e e e e e T- 0

Weather Conditions

Weather conditions in the launch area were satisfactory for operations several
days prior to and on the day of the launch. However, several tropical storms caused
some concern because of their proximity to planned recovery areas. On the day prior
to scheduled launch, Atlantic recovery area 3-1 (section on "Recovery Operations") was
shifted 213 nautical miles down the orbital path in a southeasterly direction because of
tropical storm Daisy. On launch day, Daisy was located about 400 miles north-
northeast of Puerto Rico at approximately longitude 24.5° N latitude 67.5° W, which
was between recovery areas 3-1 and 4-1. These recovery areas were planned to be
used only in the event of a contingency; therefore, the probability of their use was suf-
ficiently low to justify assuming the risk of the remotely located storm.

In the Pacific, Typhoon Emma was located 750 miles east-southeast of the Pacific
Command ship. In addition, Typhoon Frieda was forming 500 miles east of Guam. Si-
multaneously, Typhoon Dinah, which had been of some concern earlier, had moved into
the vicinity of Hong Kong and was far removed from the orbital ground track. At re-
covery time, there were no disturbances in the planned end-of-mission recovery area

6-1.

Weather observations at the launch site at launch time (taken at 7:17 a. m. e.s.t.)
were as follows:

Total cloud cover™ (horizon to horizon) . . ... .. .. 5/10
Wind direction . . . . v v v v i i bt e e e e e e e e e From 150° (SSE)
Wind velocity, knots . . . . . . . . o000 e 2
Visibility, MileS . v v v v v v v e e e e e e e 10

AThe cloud cover consisted of high cirrus clouds at 30 000 feet,
some low cumulus clouds with a base at 2200 feet, and some strato-
cumulus clouds with a base at 4500 feet on the eastern horizon.
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Pressure, sealevel, in. Hg . . . .. . ... ... ... 29.99

Temperature, °F . . . . .. ... ... .. .00 ... 80
Dewpoint, °F . . . . . . . . i i i i e e e 75
Wet bulb temperature, °F ., . . .. ... .. .. .... 76.3
Relative humidity, percent . . . . . . . . .. ... ... 85

A plot of the launch-site wind direction and velocity for altitudes up to 60 000 feet is
shown in figure 9.

Weather conditions in the planned terminal landing area (recovery area 6-1) were
reported at the time of recovery from the aircraft carrier U.S.S. Kearsarge as fol-
lows:

Cloud cover® (horizon to horizon) . . . . . . ¢ v v v v o o < 6/10
Wave height, ft . . . . . . . ¢ v v o v b il e e e e 3
Wind velocity, knots . . . . . . 0 0 00 d el e e e 11
Wind direction . . . . . v . e e e e e e e e e e e e e e e e 110° (ESE)
Sea direction . . . ¢ v v i vt e e e e et e e e e e e e 90° (E)
Visibility, miles . . . . . . . . ¢« v ¢« v i i i i e e e e e 10
Temperature, “F . . ¢ ¢ v v v v v v ot et n e e e e e 78
Pressure, sealevel, in. Hg . .. . .. . v v v 30.15
Wet bulb temperature, °F . . . . . ¢« c i 0 v e s e e e e 71
Dewpoint, °F . . . ¢ i i i i v it e s e e e e e e e e e e e e 75.5
Relative humidity, percent . . . . . .. .. ......... 92
Water temperature, °F . . ¢ . 0 v v v v v e e e e e e e 80

aThe cloud cover consisted of cumulus clouds with a base at 3000 feet
and altocumulus clouds at 14 000 feet.

Photographic Coverage

Photographic coverage obtained by the AMR facilities, including quantity of in-
strumentation committed and data obtained during the launch phase, is shown in table V.
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Additional coverage was obtained by the recovery forces at the landing site. Launch-
phase photographic coverage was good, and adequate data were available for a detailed
photographic evaluation had it been necessary. Coverage of the mission in other re-
spects was also good. The photographic coverage discussed in the following sections
was based on film available for evaluation during the postlaunch reporting period.

Metric film, - Metric film from 15 cameras was processed, and the results were
tabulated by the AMR. The data were not required for evaluation by NASA MSC, since
the power-flight phase was normal,

Engineering sequential film. - Engineering sequential coverage of the launch
phase is shown in figure 10, which indicates the time interval when either the launch
vehicle or the exhaust flame under reduced visibility was visible to the tracking cam-
era. Optimum coverage was achieved as a result of good weather conditions at the
launch site. Fifteen films were reviewed, including 16- and 35-mm film from four
fixed cameras and 11 tracking cameras. Fixed-camera coverage with respect to ex-
posure, focus, and film quality was good. Two fixed cameras indicated normal liquid
oxygen (lox) boiloff, umbilical disconnect, periscope retraction, and umbilical-door
closure. The two other fixed cameras were positioned to show any spacecraft and
launch- vehicle displacement prior to lift-off. The quality of the tracking-camera
coverage was good, with the exception of two items which were slightly underexposed
and three items which were grainy. Six tracking cameras showed launch-vehicle
ignition and lift-off. All tracking cameras indicated normal launch-vehicle staging and
tower separation. Three of the tracking camera films which were reviewed indicated
an irregular launch-vehicle roll rate and rapid vernier engine gimbaling at lift-off.
Refer to the section on ""Launch-Vehicle Performance'" for details ofthese irregularities.

Documentary film. - Documentary coverage used for engineering evaluation of the
mission was provided by 16- and 35-mm motion picture film and 8- by 10-inch still
photographs., Four aerial motion picture films of the launch sequence were received.
One aerial motion picture camera tracked the space vehicle from lift-off through
staging. The film showed excellent tracking, focus, and film exposure, but was in-
adequate for detailed evaluation because of camera vibration which produced a blurred
image, The remaining three aerial films recorded no usable data. A film copy of the
Boston University television coverage, as recorded at Patrick Air Force Base, was
reviewed and indicated good tracking from after lift-off through tower separation. A
large image size was maintained, but quality was restricted by the limitations imposed
in reproducing from television tape to photographic film, One motion picture film of
recovery operations was available for review, The film showed aerial and shipboard
coverage of the spacecraft while on the main parachute, the spacecraft landing in the
water, pararescue personnel activities in the water, spacecraft retrieval from the
water by the recovery aircraft carrier, removal of the spacecraft hatch, pilot egress
from the spacecraft, and shipboard coverage of the pilot during his physical examina-
tion.

Documentary coverage of the mission by still photography was good in both qual-
ity and quantity. Still photographs of prelaunch activities included views of pilot prep-
aration at hangar S, insertion of the pilot into the spacecraft, and securing for launch.
Also included were prelaunch photographs of the spacecraft, separately and mated with
the launch vehicle. Flight and recovery coverage provided several views of the launch
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sequence, views showing the spacecraft and recovery personnel in the water before re-
trieval by the recovery ship, the spacecraft on board the carrier after pickup, removal
of the hatch, pilot egress, physical examination of the pilot, and closeup views of the
spacecraft after recovery. Also available were numerous engineering still photographs
showing closeup views of the spacecraft during the postflight inspection at the launch
site.

FLIGHT -CONTROL OPERATIONS

The preparation of the flight-control team and the Mercury Worldwide Network
followed the same procedure used for the MA-6 and MA-7 manned orbital missions.
Simulations carried out prior to the mission were considered to be one of the most im-
portant steps in the preparation of the flight controllers and the pilot for the mission,
particularly in view of the extended mission duration intended for the MA -8 mission.
The process of flight-control simulation and support preparation was essential to the
safety of the mission.

Prelaunch Period

Network operations began September 14, 1962, Flight-control teams were
cleared for departure to their respective network stations between September 14 and 18.
The flight-control team to staff the Mercury Control Center was on station Septem -
ber 17, 1962,

Command signal tests at remote sites and preparations for launch simulations
were performed September 18 and 19, 1962, Ten launch simulations were performed
with the mission pilots while exercising the Mercury Control Center and Bermuda
flight-control teams. A series of MA-8 mission reentry simulations was performed
September 20, 1962. The simulations involved the Canton, Hawaii, California, and
Guaymas stations; the Mercury Control Center; and the Goddard Computing and Com-
munications Center, The simulations were conducted to familiarize appropriate net-
work stations with reentry-decision techniques when faced with various spacecraft
problems. A network simulation was performed September 22, 1962, which began
with a full launch countdown and continued in real time (actual time intervals) from
lift-off to 3 hours 20 minutes elapsed time. The computers were fast timed from that
point until 7 hours 10 minutes, and the mission simulation then continued in real time
until termination during the sixth orbital pass. The fast-time procedure was utilized
for all of the six-pass orbital simulations. Additional six-pass mission simulations
were performed September 28 and October 1, 1962,

Approximately 50 percent of the network flight controllers had never participated
in a Mercury mission. The Kano, Zanzibar, and Woomera stations were staffed en-
tirely by new capsule communicators (Cap Coms) and systems monitors. The major-
ity of the remaining stations had at least one new flight controller. The Texas site was
again, as in the MA-7 mission, used as a training facility for the MA-8 mission, and
three new flight controllers were trained at the site.
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The documentation for the mission was good. A total of 24 instrumentation sup-
port instructions were generated during the prelaunch preparation period, which was a
significant reduction over those required for previous missions. The majority of the
documentation required only one revision during the prelaunch period. The spacecraft
configuration and flight plan were firmly fixed several weeks prior to launch; and only
minor changes were made to the data-acquisition plan, countdown, and flight plan. A
major revision was written for the mission rules (primarily concerning the Bermuda
Mercury Control Center Standard Operations Procedures) for the use of command re-
moting functions. The contractor document, which contained the spacecraft systems
schematics used by flight controllers, was also revised.

Launch Phase

The launch and network countdowns proceeded smoothly, and no major discrep-
ancies were noted. The confidence summaries transmitted by the network to verify
site calibrations were good. No major discrepancies were noted in network voice com-
munications, although stations affected by the day-night frequency transition were not
as good as had been experienced during previous missions.

At approximately T - 45 minutes, a 15-minute hold was instituted for repairs to
the Canary Islands radar equipment. After the countdown was resumed, it was con-
tinued without further holds. Minor calibration discrepancies between pilot and telem-
etry readouts were reported from the blockhouse and were noted on the meters in the
Mercury Control Center. Messages were sent to network stations advising them of the
calibration changes.

Powered flight was normal, although air-to-ground (A/G) communications were
poor to unreadable at the launch-vehicle staging. The communications rapidly im-
proved and were satisfactory during the remainder of powered flight. BECO occurred
early; consequently, SECO occurred late, The ports-open indication from the missile
telemetry monitor occurred at approximately 10 seconds of powered flight remaining
and caused some concern. The event normally occurs about 10 seconds before lox

depletion.

The launch-vehicle guidance data became noisy during the last 15 to 20 seconds of
powered flight, but the computer was able to make the go — no-go recommendation
without difficulty. The cutoff conditions measured at this point were very close to the
final orbit, as was determined from later radar tracking information.

Orbital Phase

Following turnaround and checkout of the various spacecraft control systems be-
tween Bermuda and the Canary Islands, the suit-inlet temperature began to increase,
The pilot increased the suit comfort-control valve (CCV) setting to a value greater than
the lift-off setting of 4. The dome temperature of the suit heat exchanger was approxi-
mately 80° F and indicated unsatisfactory cooling by the suit circuit. The suit-inlet
temperature, as indicated by ground read-out, continued to rise and reached a value of
89° F over Muchea., From the time the spacecraft passed over Muchea until it passed
over Canton, the ground read-out showed a tendency to suit~inlet temperature to
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decrease. The dome temperature of the suit heat exchanger remained at an 80° to
81° F level during the period. By the time of contact with Canton, the pilot had in-
creased the suit setting to 7.5, and he felt that the system was beginning to cool the
suit properly.

Upon contact with Guaymas, the pilot reported that he was feeling warm, but not
uncomfortable, and that the suit cooling system had begun to decrease the suit temper-
ature. He also reported that all other systems were performing perfectly, and ground
read-outs confirmed his report. Based on these considerations, the decision was made
to continue for another orbital pass. The environmental systems monitor requested the
pilot to reduce the suit valve setting to position 3 to examine the response of the suit
dome temperature. The valve reduction was made shortly after the beginning of the
second pass, and when the dome temperature rose rapidly, the valve was reset to 7. 5.
By the time the spacecraft reached Woomera on the second pass, the suit-inlet tem -
perature had decreased to 72° F and appeared to have stabilized. The suit-inlet tem~
perature continued in the vicinity of 70° F for the remainder of the mission, and the
pilot was apparently quite comfortable.

Because of the excellent performance of the pilot and the spacecraft; the flight-
control task became one of monitoring, gathering data, and assisting the pilot with his
flight plan. After the go decision at the end of the first pass, the remaining orbital go
decisions were made without hesitation, but with one exception. The loss of communi-
cations between the Indian Ocean ship and the Pacific Command ship at the end of the
fifth orbital pass required the Pacific Command Ship to make the go decision without
an input from the Mercury Control Center. There was no question that the mission
should be continued, but had an emergency situation developed, the loss of communi-
cations would have caused concern.

In spite of the smoothness of the mission, the ground communications were in-
ferior to that of previous missions because of propagation effects. However, sufficient
information was available at all times, either by voice or teletype circuits, to maintain
proper surveillance of the mission.

The remote-site flight controllers queried the pilot and obtained any information
needed. The network data presented on the summary messages were excellent. The
average tolerance on all telemetered parameters was approximately 2 percent. No
gross deviations were noted in summary data, and it is believed that these good data
were the result of the new verification procedures and confidence tapes that were pre-
pared specifically for the mission. The postpass analysis by network stations provided
many useful real-time inputs to the Mercury Control Center, and no difficulty existed
in determining the exact status of the spacecraft, pilot, and mission at any time.

Retrofire and Reentry Phases

The retrofire maneuver, which took place over the Pacific Command ship,
appeared to be nearly perfect, except for an apparent 2-second delay in retrofire (sec-
tion on "Electrical and Sequential'’). The attitudes of the spacecraft were held extreme-
ly well by the attitude-control system, as indicated by both the pilot and ground
telemetry and as verified by the subsequent landing accuracy. Other than voice
communications with the pilot and some telemetry data obtained from the Watertown
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radar ship, no further trajectory information was received. The Watertown Cap Com
gave the Mercury Control Center the initial time of communications ionization blackout
during reentry, and the information provided confirmation of the time of retrorocket
ignition and spacecraft attitudes at retrofire.

Relay communications between the aircraft in the sixth-pass recovery area and
the Hawaii station worked well and provided communications with the pilot almost con-
tinuously from the end of ionization blackout to landing. Thus, the Mercury Control
Center had absolute confidence that the reentry phase had been completed successfully.

The MA-8 mission was the best coordinated effort in Project Mercury to date
and was a result of the experience gained in previous missions. The large number of
new flight-control personnel, who acted as Cap Coms, medical monitors, and systems
monitors for the first time, performed well and reflected effective training to the time
of deployment to their stations. The cooperation between the MA-8 mission and backup
pilots and flight-control personnel was a major contributing factor in making the MA-8
mission a successful operation.

RECOVERY OPERATIONS

The MA -8 recovery operations discussed in the following paragraphs include the
recovery plans, recovery procedure, and postlanding aids. The section on "Recovery
Plans' contains a descriptive and graphical presentation of the planned recovery areas
and the associated recovery forces. The section on "Recovery Procedure' shows in
chronological order the significant events pertinent to the actual recovery operation.
The section on "Recovery Aids' summarizes the effectiveness of the spacecraft equip-
ment, which was utilized to assist recovery forces in the location and retrieval of the
spacecraft after landing.

Recovery Plans

Figure 11 shows the areas in the Atlantic and Pacific Oceans where recovery
ships were positioned. The locations of recovery vehicles were not fixed because
some of the ships and aircraft changed position during the course of the mission to
provide a location and retrieval capability for more than one landing site. Areas A
through F were available, if it became necessary, to abort the mission during powered
flight. Recovery forces were distributed to provide for recovery within a maximum of
3 hours after landing in area D; a maximum of 6 hours in areas A, C, E, and F; and a
maximum of 9 hours in area B. Periodic landings from orbit were provided during
each orbital pass. Areas 2-1, 3-1, and 4-1 were available for landings in the Atlantic
Ocean at the beginning of the second, third, and fourth orbital passes, respectively.
Areas 4-2, 5-1, and 6-1 were available for landings in the Pacific Ocean near the end
of the fourth, fifth, and sixth passes, respectively. Recovery forces were distributed
to provide for recovery within a maximum of 3 hours in these areas. A total of 16
ships and 13 aircraft were on station in the Atlantic recovery areas, and 7 ships and
4 aircraft were on station in the Pacific recovery areas. Additional search aircraft
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were available to back up the aircraft on station in the recovery areas. Also, helicop-
ters, amphibious surface vehicles, and small boats were positioned for recovery sup-
port near the launch complex.

Locations of staging bases are shown in figure 12. Contingency recovery air-
craft were on alert status at these bases to provide support, if a landing were to occur
at any place along the orbital ground track. The aircraft were equipped to locate the
spacecraft and to provide emergency onscene assistance if required.

Recovery Procedure

All recovery forces were in their proper positions at the appropriate times
during the mission. Weather forecasts on the morning prior to launch indicated that
Hurricane Daisy could cause adverse recovery conditions in recovery area 3-1, which
at that time was located at latitude 29°39' N longitude 62°00' W (section on '"Weather
Conditions"). Therefore, the recovery ships assigned to area 3-1 were instructed to
relocate down range along the ground track to an area with more favorable weather.

As a result, the center of area 3-1 was moved 213 nautical miles down range to a posi-
tion located at latitude 26°25' N longitude 58°18' W. All recovery forces assigned to
area 3-1 were shifted down range without difficulty. At launch time, weather conditions
were favorable for location and retrieval in all planned Atlantic and Pacific recovery
areas, and conditions were good in most contingency recovery areas along the space-
craft ground track.

A communications network linked the deployed recovery forces to the Recovery
Control Center located in the Mercury Control Center at the launch site. Recovery
communications were satisfactory throughout the operation, and the recovery forces
were given information regarding mission status during the launch, orbital, and re-
entry phases.

During the sixth orbital pass, recovery units in area 6-1 were alerted to expect
a landing in their area. At the elapsed time from lift-off of 08:53:00 g.e.t. (20 min-
utes prior to landing), area 6-1 recovery forces were informed that the retrorockets
had ignited normally, and the landing position had been predicted as nominal. Recovery
units in area 6-1 made contact with the descending spacecraft before any calculated
landing predictions based on reentry tracking were available from the Mercury World-
wide Network support. At 09:05:00 g.e.t., the aircraft carrier U.S.S. Kearsarge,
positioned in the center of area 6-1, made radar contact with the spacecraft at a slant
range of 178 nautical miles and held contact until the spacecraft descended to an alti-
tude of 1200 feet.

At 09:08:00 g.e.t., the destroyer U.S.S. Renshaw, positioned about 80 nautical
miles up range from the center of area 6-1, reported a sonic-boom noise. A contail
was observed by personnel aboard the U. S.S. Kearsarge, and at 09:10:00 g.e.t., the
U.S.S. Kearsarge reported visual sighting of the spacecraft at a range of 5 nautical
miles. A few personnel on board the carrier observed drogue-parachute deployment,
and many observed main-parachute deployment and subsequent spacecraft landing
(fig. 13). Personnel on the aircraft carrier also reported that two almost-simultaneous
sonic-boom noises occurred 10 seconds prior to main-parachute deployment. The
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spacecraft landed at 09:13:15 g. e. . at the location of latitude 32°05' N and longitude
174°28.5' W, which was 4 nautical miles down range of the landing point (fig. 14).

The pilot reported at 09:14:00 g. e. t. that conditions were normal, that he was
comfortable, and that the spacecraft was dry and floating upright. Helicopters were
launched from the aircraft carrier at 09:17:00 g. e.t. and established communications
with the pilot. Helicopter crews reported that the spacecraft flotation attitude was
never more than 20° from the vertical. A team of three swimmers, with a spacecraft
auxiliary flotation collar (fig. 15), was deployed from a helicopter at 09:19:00 g. e. t.,
and 4 minutes later the spacecraft was secured within the collar. At 09:21:00 g.e.t.,
the pilot reported that he preferred to remain in the spacecraft and to be retfrieved by
the aircraft carrier U. S.S. Kearsarge. The aircraft carrier approached within
400 yards of the spacecraft, and a motor whaleboat from the carrier towed a lifting
line to the spacecraft. The shepherd's crook on the end of the lifting line was attached
to the spacecraft at 09:50:00 g. e. t.

At 09:54:00, the spacecraft was lifted clear of the water (fig. 16); and at
09:56:00 g. e. t., the spacecraft was secured on deck. The pilot actuated the side-hatch
explosive mechanism at 09:59:00 g. e.t. (46 minutes after landing) and 2 minutes later
(fig. 17) was clear of the spacecraft. The pilot remained on board the U.S.S. Kear-
sarge for a 72-hour period of rest and debriefing.

The antenna canister and drogue parachute landed 300 yards from the spacecraft
and were retrieved by helicopter at 10:00:00 g.e.t. The following information at the
time of retrieval was reported by the U.S. S. Kearsarge:

Positionof pickup . . . . ... ... ... .. 32°05.5' N 174°28.5' W
Winds, velocity and direction, knots . . . . . 13 from 120° true
Waves, height and direction, ft . . . . . . .. 3 from 130° true
Water temperature, °F . . .. .. ... ... 80
Air temperature:
Wetbulb, °F . . . . . ... ... . ..... 71
Drybulb, °F . . . . . . ... . 78

The spacecraft was transferred from the U. S.S. Kearsarge to a tug near Mid-
way Island on the morning of the day after launch. The spacecraft was transferred at
Midway from the tug to a C-130 aircraft for delivery to Cape Canaveral. The space-
craft arrived at Cape Canaveral 2 days after the day of launch.

At the time of recovery, the spacecraft appeared to be in excellent condition.
The swimmers who attached the spacecraft auxiliary flotation collar reported that
none of the stainless-steel straps attached to the heat shield were broken, and the
damage to the landing bag consisted of five small holes and a 6-inch slash. The heat-
shield center plug remained in place. The experimental ablation materials appeared to
be intact at landing and were protected from damage during spacecraft handling by a
covering of foam rubber. The antenna canister appeared normal, and there were no
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rips or tears in the drogue parachute or the parachute risers. The main parachute,
normally jettisoned upon landing, was not recovered.

Recovery Aids

All spacecraft recovery aids appeared to function normally, although no reports
of high-frequency directional-finding (hf/DF) beacon reception were noted, and it was
reported that the flashing light ceased to operate shortly after landing. Prior to being
extinguished, the light was sighted by a helicopter pilot at a range of one-half mile.
The green dye from the spacecraft dye marker was sighted by a search-aircraft pilot
at a range of 9 miles.

A C-54 search aircraft reported contact with the Super SARAH recovery beacon
at a range of 105 nautical miles. Three JC-130B search aircraft reported receiving
the SARAH recovery beacon at ranges of 60, 60, and 280 nautical miles, respectively,
but their detection equipment did not have the capability of discerning between the
code A of the Super SARAH beacon and the code C of the Mercury SARAH beacon. Four
JC-130B aircraft from the 6594th Recovery Control Group at Hickam Air Force Base,
Hawaii, were utilized as search aircraft for areas 4-2, 5-1, and 6-1. The aircraft
were capable of locating the spacecraft by homing in on the spacecraft ultrahigh-
frequency (uhf) recovery beacons. The aircraft also tracked the spacecraft telemetry
signal during the second through the sixth orbital passes and provided DF bearings on
the spacecraft. The aircraft lost the telemetry signal during the communications
blackout period, but reacquired the signal and provided reliable DF bearings on the
spacecraft until landing.

The SOFAR bomb signal was received, and a quick fix location was provided
20 minutes after spacecraft landing. A final location fix was provided 45 minutes after
landing. Both of the fixes, shown in figure 14, were within 2 miles of the spacecraft
retrieval position.
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TABLE II. - PILOT PREFLIGHT PREPARATION HISTORY

Date Day Activity Date Day Activity
July 11 Wed. Flight-plan meeting, flight-film meeting Aug. 29 Wed. A.m.: Mercury procedures trainer
July 12 Thurs. Flight-plan review P.m.: Scheduling meeting -
July 13 Fri. Scheduling meeting Aug. 30 Fri. Flight-plan meeting H
July 14 | Sat. Flying (T - 33) Sept. 1 Sat. Flying (T - 33)
July 16 Mon. Flight-plan review Sept. 4 Tues. Flight-controller briefing
July 17 Tues. Scientific panel meeting . Sept. 5 Wed. | Flying (T - 33)
July 18 Wed. . Mission rules review; flying (T - 33) ! sept. 6 Thurs. ' Systems briefings (ASCS and RCS) -
July 20 Fri. Camera and onboard equipment briefing Sept. 7. Fri. . A.m.: Systems briefings (electrical and H
July 23 Mon. A.m.: Flight activities discussion, scheduling sequential) H
meeting P.m.: Launch-vehicle meeting i
P.m.: TV interview (Telstar) Sept. 8 Sat. Mercury procedures trainer H
July 24 Tues. Blood-pressure cuff discussion, systems briefing Sept. 10 Mon. Mercury procedures trainer l
(ASCS)(automatic stabilization and control Sept. 11 Tues. A.m.: Simulated flight no. 1 -
system) P.m.: Briefing of the President of the -
July 25 Wed. Systems briefing (ASCS and reaction control United States; Mercury procedures trainer -
system (RCS)) Sept. 12 ' Wed. A.m.: Readiness examination )
July 26 Thurs. Systems briefing (sequential) P.m.: Mercury procedures trainer .
July 27 Fri. Flight-plan presentation Sept. 13 Thurs. Flight-plan activities review, checklists review,
July 28 Sat. Flying (T - 33) ’ flying (F - 102)
Aug. 1 Wed. A.m.: Systems briefings (communications and |  Sept. 14 Fri. Simulated flight no. 2 and flight acceptance
environmental control system) | test, A/G communications check
P.m.: Ultraviolet camera briefing Sept. 15 Sat. Mercury procedures trainer
Aug. 2 Thurs. A.m.: Systems briefing ., Sept. 17 Mon. Questionnaire review, A/G communications
P.m.: Weather briefing ’ ' check, flying (F - 102)
Aug. 3 Fri. Geology briefing (terrestrial photography) Sept. 18 Tues. Bermuda Mercury Control Center simulation
Aug. 4 Sat. Flying (F - 106) Sept. 19 Wed. Flight configuration sequence and aborts
Aug. 6 Mon. Scheduling meeting, flying (T - 33) Sept. 20 Thurs. A.m.: Mission review
Aug. 8 Wed. Flying (T - 33) P.m.: Mercury procedures trainer
Aug. 10 Fri. Review of contractor documents Sept. 21 Fri. Launch simulation and radio-frequency
Aug. 11 Sat. Systems test compatibility, flying (F - 102)
Aug, 12 Sun. Systems tests concluded Sept. 22 Sat. Network simulation
Aug. 13 Mon. Sequential system checks Sept. 24 Mon. Training facilities meeting (Houston),
Aug. 14 Tues. Sequential system checks concluded Flying (T ~ 33)
Aug. 15 Wed. Survival equipment meeting, flying (F - 106) Sept. 25 Tues. Mercury procedures trainer
Aug. 16 Thurs. Recovery training Sept. 27 Thurs. A.m.: Flight-plan discussion, mission
Aug. 17 Fri. Weight and balance review
Aug. 20 Mon. Mercury procedures trainer, flying (F - 106) P.m.: Mercury procedures trainer
Aug. 21 Tues. Survival-pack exercise Sept. 28 Fri. Launch simulation and radio-frequency
Aug. 22 Wed. A.m.: Flight-plan activities meeting compatibility, flying (F - 102)
P.m.: Mercury procedures trainer Sept. 29 Sat. Simulated flight no. 3
Aug. 23 Thurs. Mercury procedures trainer Sept. 30 Sun. Mission review |
Aug. 24 Fri. Johnsville centrifuge Atlas g refamiliarization Oct. 1 Mon. A.m.: Mercury procedures trainer !
Aug. 25 Sat. Morehead Planetarium celestial review P.m.: Physical examination \
\

Aug. 27 Mon. Meeting on checklists Oct. 2 Tues. Pilot briefing, study
Aug. 28 Tues. Mercury procedures trainer, flying (F - 106) Oct. 3 Wed. Launch
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TABLE III, - PILOT TRAINING SUMMARY IN THE MERCURY PROCEDURES TRAINER NO. 2 ({CAPE CANAVERAL)

[68 simulated failures, 40 turnaround maneuvers, 53 retrofire attitude control maneuvers)

Failure number and type

a Special
- Time, ~Number © trr;ining
Date, 1962 Type of training he:min of o
: missions activities
ECS RCS SEQ ELEC COMM Other (b)
Aug. 20 New switch function familiarization 01:30 1 -~ -- -- -~ -- - 1,4,5
Aug. 23 One-orbital-pass mission 01:30 1 -~ -- -- -- -- -- 1,4,5,6
Aug, 28 Flight-plan familiarization, simulated sys- 01:45 1 -- “- 1 1 -- -- 3,4,6
tems failures
Aug. 29 Flight-plan familiarization 00:35 1 -~ -- -- 1 -- - 1,4,6
Sept, 8 Simulated systems failures 03:00 4 -~ 1 3 3 1 1,2,3
Sept, 10 Simulated systems failures 01:35 3 -~ 1 3 3 -- - 1,2,3,6
Sept, 11 Simulated systems failures 01:30 3 1 ~- 2 3 -- 3 2,3,4
Sept. 12 Simulated systems failures 01:15 4 3 ~- 2 1 -- 1 2,3,4,5
Sept. 15 Simulated systems failures 02:25 3 2 ~- 5 1 1 -- 2,3,6
Sept, 18 Bermuda Mission Control Center simulation 03:35 4 1 2 2 2 3 2 2,3
Sept. 19 Bermuda Mission Control Center simulation 00:30 1 1 ~- -- -- - 1 2
Sept. 20 Simulated attitude-control -system failure 02:30 4 2 1 -- - 3 1,2,3,4,5
Sept. 22 Network simulation 01:00 1 -- -- -- -- - -- 1,4
Sept. 25 Flight-plan work 02:00 1 -- -- -- - -- -- 1,4,6
Sept. 27 Simulated attitude -control -system failure 01:05 1 -- ~- -- -- - - 1,5,6
Oct. 1 Network simulation, simulated systems 03:30 4 -- ~- 3 -- -- -- 1,2,4
failures
Total 29:15 37 10 5 22 15 5 11

aSystem abbreviation key:
ECS — Environmental control system
RCS — Reaction control system
SEQ — Sequential system
ELEC — Electrical system
COMM -— Communications system

bTraining activities key:

1 —Normal launches and reentries

2 — Launch aborts

3 — Orbital and reentry emergencies

4 — Turnaround maneuvers

5 — Retrofire attitude control

6 — Flight-plan activities (equipment manipulation,
control-mode switching, yaw maneuvering,
et cetera)




TABLE IV. - MODIFICATIONS AND TESTS MADE TO SPACECRAFT 16

Modification or test

Completion
date, 1962

Checkout of spacecraft electrical power systems
Checkout of spacecraft instrumentation system
Checkout of spacecraft sequential system
Checkout of spacecraft communications systems

Replacement of 7500-psi oxygen-supply pressure
transducers with 10 000 -psi transducers

Checkout of spacecraft environmental control system
Altitude-chamber test of spacecraft

Removal of maximum -altitude -sensor battery
Disablement of retrorocket heater wiring

Wiring of parachute -system barostats in series
Checkout of spacecraft RCS

Spacecraft communication system radiation test

Installation of A-11-type amplifier -calibrator in the
automatic control system

Removal of photographic lights
Addition of volts to the heat-shield center plug

Addition of the low-thrust-only select switch to the
FBW control mode

Addition of wiring for the time-from-retrofire signal
Removal of squibs from the cabin snorkel valves
Addition of a liferaft communication hardline

Addition of a temperature display and associated
selector switch

Feb. 23
Feb. 26
Feb. 28
Mar. 3

Mar., 7

Apr. 2

Apr. 17
May 16
June 13
June 14
June 18
June 21

June 22

June 25
June 25

June 29

July 9
July 13
July 13

July 24
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TABLE IV. - MODIFICATIONS AND TESTS MADE TO SPACECRAFT 16 — Continued

Modification or test

Addition of an automatic-solenoid malfunction detector

Addition of retrofire and recovery-squib-arm switches and
automatic bypass relays

Removal of the Zener diode panel

Addition of temperature pickups to the dome location of
the suit and cabin heat exchangers

Replacement of the Freon check valves with a more
reliable type

Simulated flight in hangar S
Test of automatic control system

Installation of beryllium shingles with advanced ablative
material bonded thereon

Alinement of retrorockets and conduct of spacecraft weight
and balance measurement

Addition of the hf orbital antenna to the retropackage

Spacecraft moved to launch site and mated with launch
vehicle

Simulated flight no. 1

Electrical mate and abort tests

Simulated flight no. 2

Flight configuration sequence and abort tests

RCS proof pressure test. Spacecraft demated and returned
to hangar S to replace manual RCS selector valve

Spacecraft returned to launch site and remated to launch
vehicle

Completion
date, 1962

July 24

July 25

July 26

Aug.

Aug.

Aug.

Aug.

Sept.

Sept.
Sept.
Sept.
Sept.

Sept.

Sept.

3

16

. 14
. 18
. 23

27

28

10

11
12
14
19
21

26
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TABLE 1V, - MODIFICATIONS AND TESTS MADE TO SPACECRAFT 16 — Concluded

Launch countdown and 1lift-off

Modification or test ggg?liggg
Simulated flight test no. 1 (repeated) Sept. 27
Launch simulation Sept. 28
Simulated flight no. 3 Sept. 29
Electrical interface test Sept. 29
Oct. 3

TABLE V. - ATLANTIC MISSILE RANGE OPTICAL LAUNCH COVERAGE

Film type Station N mittod N i
Metric 1 15 15
Engineering sequential 1 47 46
Documentary 1 102 99
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Figure 15. - MA -8 spacecraft in auxiliary flotation collar with motor whaleboat
personnel attaching line from recovery aircrait carrier to spacecraft,

Figure 16. - MA -8 spacecraft being lifted on board recovery aircraft carrier.




Figure 17. - Pilot egressing from the MA-8 spacecraft after activating side hatch.
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MISSION PERFORMANCE

The technical results of the MA-8 mission and analyses of the flight data are
presented. The performance analyses are grouped into the following major areas:
spacecraft performance, aeromedical analysis, pilot flight activities, pilot flight
report, launch-vehicle performance, trajectory and mission events, and Mercury
Worldwide Network performance. In addition to discusssons of each major spacecraft
subsystem, the section on ""Spacecraft Performance" contains details of the postflight
inspection and the performance of scientific equipment installed in the spacecrait. A
postflight meteoroid-impact analysis is included as a part of the postflight inspection.
The sections on ""Aeromedical Analysis' and ""Pilot Flight Activities' discuss the well-
being of the pilot, his activities, and the personal narrative of his flight experience.
The section on "Launch-Vehicle Performance' is a brief synopsis of Atlas systems
operation, while the section on "Trajectory and Mission Events' showing computed and
measured flight parameters. Finally, the Mercury Worldwide Network is analyzed in
the specific performance areas of trajectory computation, command, and tracking and
in the areas of telemetry and voice communications.

SPACECRAFT PERFORMANCE

The entire MA-8 spacecraft performed exceptionally well; the only significant
systems irregularity was the inability to adjust the suit-circuit cooling level rapidly at
the outset of the mission. When the adjustment was accomplished satisfactorily during
the second orbital pass, the mission continued in a routine fashion and was described
later by the MA-8 pilot as of "textbook' quality. Other minor irregularities were
experienced and are discussed in the discourses on specific subsystems which follow,
but they were not sufficient to jeopardize the success of the mission. Flight data and
measurements are generally not shown, other than to support or otherwise clarify the
analysis presented. Reference 1 provides a more detailed systems description.

Spacecrait Control System

All spacecraft control-system components functioned normally throughout the
MA-8 mission. At various times during control-mode changes from the automatic
stabilization and control system (ASCS) orbit mode to FBW, short-duration voltage tran-
sients were noted across the solenoid coils of the 24-pound automatic thrusters. The
magnitudes of the transients were insufficient to actuate the solenoid valves and produce
thrust, but they were retained by the memory in the flight telemetry circuits.

System description. - The spacecraft control system was designed to provide
attitude and rate control of the spacecraft and was capable of operation in the following
modes:

1. ASCS with secondary choices of orientation, orbit, and auxiliary damping
modes

2. FBW with pilot choice of high and low thrusters or low thrusters only
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3. Manual proportional (MP)
4, Rate stabilization control system (RSCS)

Modes 1 and 2 employed the automatic RCS thrusters, while modes 3 and 4 used
the manual RCS thrusters. Each RCS had its own fuel supply and was independent of
the other systems. Combinations of modes 1 and 3, 2 and 3, or 2 and 4 were available
to provide double authority at the discretion of the pilot.

To eliminate inadvertent fuel usage, the circuitry of the FBW mode was modified
to contain a special thrust-select switch which permitted the pilot to disable the FBW
high thrusters, with an automatic return to normal occurring at the time of retrofire.
Because of the change, the operation of the normal ¥BW mode differed from that of
the MA-T spacecraft in that the MA-8 automatic low thrusters continued to operate
during periods of high-thruster actuation.

The amplifier-calibrator employed was the A-11 model. The changes from the
previous model (A-9) are shown in table VI. The orbit-mode operation is outlined in
table VII.

The changes were intended to conserve fuel by increasing the time period of
spacecraft oscillation between attitude-limiting maneuvers. An attitude-select switch
was provided in the ASCS orbit mode to give the pilot a choice of either -34° or 0° as
a fixed attitude in pitch, with an automatic return to retroattitude at the beginning of
the 30-second retrosequence period. The attitude-select switch used in conjunction
with the gyro free-normal switch also provided an autopilot operation with a spatial
reference at any spacecraft attitude. All other control-system components were iden-
tical to those employed in the MA-7 spacecraft.

Performance analysis. - Operation of the spacecraft control system was satis-
factory throughout the mission. Some discrepancies were noted and are discussed in
the following paragraphs, but the discrepancies did not compromise the success of the
mission. The pitch and roll scanners became enabled at tower separation, and slaving
of the gyros was effective from that point throughout the mission. At completion of
the turnaround maneuver, the outputs of the gyros and the scanners matched within 2°,

A 0. 5-deg/min rate of disparity between the roll scanner and the roll gyro was
evident during a period of 27. 5 minutes, beginning at about 07:20:00 g.e.t. The space-
craft was in ASCS orbit mode at the time with gyros free, and since a misalinement in
yaw can produce a precession of the roll gyro, this possibility was investigated. For
example, if the spacecraft were at a yaw heading of 90°, then the roll horizon would
revolve at the orbital precession rate of 4 deg/min. At any other yaw heading, the
precession rate of the roll scanner W is

sin ¥
cos 6

W, = (4 deg/min)
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where ¢ is the yaw attitude and 6 is the pitch attitude. By assuming a constant
pitch attitude, an average yaw attitude of 6° would be required to produce a precession
rate of 0.5 deg/min. The roll discrepancy noted was eliminated by the pilot at
07:47:36 g.e. t.

The ASCS orbit mode, with the new pulse widths and attitudes, operated in con-
junction with the interim-thruster configuration and did not produce a spacecraft limit
cycle within +5. 5° as predicted. While the fuel consumption was extremely nominal,
two or three pulses were required for rate reversal, and the limit cycle about all axes
averaged approximately +8°. The deviation was further increased by the effects of
scanner slaving. Therefore, it was concluded that pulse durations were not as long as
expected and were insufficient to meet the limit-cycle requirements.

Small-voltage transients appeared across the solenoids of the 24-pound automatic
thrusters when the pilot switched from ASCS orbit mode to the FBW-low mode, but the
transients were insufficient to operate the solenoid valves and produced no effect on
spacecraft attitudes. The transients were duplicated in postflight testing and did not
significantly affect the ASCS operation.

Replacement of the three-position mode-select switch prior to flight with a more
reliable two-pole center-off unit required the addition of an extra relay to duplicate the
original circuit operation. The operating time of the relay was then added to that of
the auxiliary-damper relay, which permitted the amplifier-calibrator to revert to the
orientation mode for approximately 3. 8 milliseconds during the switching operation
from ASCS orbit mode to ASCS auxiliary damper. The increased orbit-mode attitude
limits previously described permitted the amplifier-calibrator orientation-mode logic
to command high thrusters whenever the switching occurred at attitudes in excess
of +5.5°.

The voltage transient was detected and remembered by the high-gpeed capacitive
network in the telemetry channels for the 24-pound automatic thrusters. Similar low-
thruster commands were not seen with mode changes at attitudes of less than +5.5°,
since the amplifier-calibrator returned immediately to the orbit mode prior to re-
ceiving its auxiliary-damper command.

Control-system utilization. - The spacecraft separation signal, which was re-
ceived by the amplifier-calibrator at 0:05:17 g. e. t., initiated automatic damping.
Three seconds later the pilot switched to auxiliary damper and then to FBW low to
execute the turnaround manually. By 0:12:51 g.e.t., sustainer-stage tracking was
completed, and the spacecraft was placed in the ASCS orbit mode of control. This
mode was employed for approximately 80 percent of the time when the spacecraft
power was on prior to reentry, and its use resulted in a significant decrease in fuel
usage when compared with the previous missions when the control modes were pri-
marily manual, Utilization of other control modes was confined to the minimum time
necessary to accomplish the scheduled maneuvers.

Four short periods of double-authority control were noted, that is, when more
then one control mode was in operation. At 2:06:09 g.e.t., while utilizing manual
proportional control, the FBW mode was inadvertently selected approximately 17 sec-
onds before the MP mode was removed. At 6:28:13 g.e.t., the pilot selected ASCS
with the spacecraft at -34° pitch and the attitude-select switch in reentry. The
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resulting pitch-up command was promptly removed by utilizing the FBW system com-
bined with 31 seconds of rate command for faster response. At 7:45:14 g.e.t., during
the gyro free check, the pilot was advised of discrepancies between the roll gyros and
scanners; the pilot elected to realine the spacecraft with the MP system while re-
maining in ASCS orbit mode. The fourth period of double authority occurred during
the firing of the retrorockets. The pilot selected MP control to backup the automatic
control system if it failed to control the spacecraft attitudes properly during the event.

Atttiudes at retrofire were maintained by the ASCS, with MP as a backup, and the
attitudes were held to within +1° for the retrofire period. The pilot commanded reentry
attitude manually with the FBW mode and then switched to RSCS at 9:00:27 g.e.t. to
obtain the 0.05¢g roll rate with pitch and yaw damping. Reentry was normal except for
some slight yaw oscillations which occurred at 9:05:07 g.e.t. These minor oscillations
probably resulted from a d